Objectives: To determine the prevalence of stunting, wasting and overweight and their determinants in 3-year-old children in the Central Region of Limpopo Province, South Africa. Design: Prospective cohort study. Setting: Rural villages in the Central Region of the Limpopo Province, South Africa. Subjects: One hundred and sixty-two children who were followed from birth were included in the study. Anthropometric measurements and sociodemographic characteristics of the children were recorded. Results: Height-for-age Z-scores were low, with a high prevalence of stunting (48%). The children also exhibited a high prevalence of overweight (22%) and obesity (24%). Thirty-one (19%) children were both stunted and overweight. Gaining more weight within the first year of life increased the risk of being overweight at 3 years by 2.39 times (95% confidence interval (CI) 1.96-4.18) while having a greater length at 1 year was protective against stunting (odds ratio (OR) 0.41; 95% CI 0.17-0.97). Having a mother as a student increased the risk for stunting at 3 years by 18.21 times (95% CI 9.46 -34.74) while having a working mother increased the risk for overweight by 17.87 times (95% CI 8.24 -38.78). All these factors also appeared as risks or as being protective in children who were both overweight and stunted, as did living in a household having nine or more persons (OR 5.72;. Conclusion: The results of this study highlight the importance of evaluating anthropometric status in terms of both stunting and overweight. Furthermore, it is important to realise the importance of normal length and weight being attained at 1 year of age, since these in turn predict nutritional status at 3 years of age.
The nutritional transition, i.e. the major change in the nutritional profile of human populations resulting from a shift from a traditional diet to a Western one, is determined by the interplay of economic, demographic, environmental and cultural changes occurring in a society and plays a role in the prediction and determination of the nutritional status of the overall population 1 -3 . Children's physical growth patterns are among the tools used to assess a population's nutritional status. Physical growth itself is regulated by two major factors: genetics and the environment 4, 5 . Although the quantity and quality of food are the main environmental determinants of good nutritional status, children's physical and psychosocial surroundings also impact on their growth.
Stunting (i.e. linear growth faltering) is an important public health problem for children living in environments with poverty, poor nutrition and high prevalences of infectious diseases such as found in developing countries 4, 6 . Socio-economic status such as the mother's education and occupation, household income and health expenditure may influence stunting levels indirectly 7 -9 , whilst a number of factors may be directly causative, including micronutrient deficiencies, inadequate protein intake, intrauterine malnutrition, maternal stature and infections 5, 10 . In Africa as a whole, and in Sub-Saharan Africa, 35% and 42% respectively of children under 5 years of age are believed to be stunted 11, 12 . In South Africa, a greater proportion of younger children are stunted (21-48%) rather than underweight (8 -15%) 13 -16 . Experience has shown that these chronically malnourished children are susceptible to increased morbidity and mortality, and are the most vulnerable group in communities. Endemic poverty (as evidenced by poor education, unemployment and increased household density) and lack of basic resources for nutritional well-being form the basis for poor nutritional status in these children 16 -19 . It is now also recognised that, in addition to undernutrition in children and pregnant mothers, the nutrition transition has led to an increase in overweight and obesity in the adult population resulting in an increase in the prevalence of chronic diseases 20 . In recent years, however, this phenomenon has filtered down to the child population of South Africa and other developing countries undergoing the transition 13, 14, 16, 21, 22 . The National Food Consumption Survey in South African children between 1 and 9 years of age reported that the prevalence of combined overweight and obesity at the national level was as high as that for stunting, namely 17.1 and 19.3%, respectively 16 . The present study aimed at determining the prevalence and determinants of stunting and overweight in 3-year-old children residing in a semi-rural area in South Africa.
Methods

Study area and subjects
The study took place in villages in the Central Region of Limpopo Province, which is to the north of South Africa. These villages are typical of those found in rural areas of the country. They are characterised by poor infrastructure and very high levels of unemployment, reflecting a transition between traditional and modern lifestyles since many of the younger adults work in neighbouring towns and cities and return home for periodic visits.
The study participants were infants born to women who were recruited while attending prenatal clinics at nine randomly selected local clinics during their third trimester. Of the 219 infant participants, 162 could be traced at 3 years of age (74% response rate). The fall in number at follow-up was largely due to migration both within the studied villages as well as to outside the study area. The lack of proper addresses, formal streets and roads in these villages impeded the process of tracing the mothers and their infants, especially during the early phases of the study.
At the age of 3 years or within one month thereof, trained fieldworkers interviewed the caregivers of the remaining participants and examined the children's anthropometric status. The results used herein also involved those collected in the earlier phases of the study, some of which have been published elsewhere 15, 23 .
Anthropometric measurements
Birth anthropometric measurements were taken from hospital records. The children's weight, height, head circumference, mid-arm circumference and abdominal circumference were measured. Weight was measured with a baby scale (TANITA Baby Scale, model 1380; Tanita Corporation, Tokyo, Japan) to the nearest 0.1 kg; height was measured with a non-stretchable tape measure mounted on a board to the nearest 0.5 cm, with the child standing on a flat surface against the wall.
The World Health Organization recommends the United States' National Center for Health Statistics percentiles as a reference for international use 24 . Following conventional cut-off points of Z-scores, malnutrition in its various forms is defined as follows:
. Stunting -height-for-age Z-score (HAZ) below the median by more than minus two standard deviations (,22SD). . Wasting -weight-for-height Z-score (WHZ) below the median by ,22SD. . Underweight -weight-for-age Z-score (WAZ) below the median by ,22SD. . Overweight -either body mass index (BMI) above the age-specific reference values recommended by the International Obesity Task Force (IOTF) 25 or WHZ above the median by .1SD. . Obesity -either BMI above the age-specific reference values recommended by the IOTF 25 or WHZ above the median by .2SD.
Changes in SD scores between birth and 1 year, 1 and 3 years, and birth and 3 years were calculated. A gain in weight or length/height SD score between birth and 1 year of 0.67SD was taken to indicate clinically significant catchup growth; similarly, a decrease in SD score by ,20.67SD indicated catch-down growth 26 .
Assessment of sociodemographic factors
The sociodemographic status of households and factors related to the health of infants were assessed by use of a structured questionnaire developed by the authors 23 . The following were included: the mother's educational status, occupation, marital status, age and parity, and infant's age of weaning. The housing structures were divided into three categories: traditional mud houses, brick houses and shacks (made of corrugated iron and timber). Overcrowding was assessed by determining the total number of persons in the household and the number of children less than 5 years of age.
Ethical approval
The University of Limpopo Ethics Committee and the Limpopo Province Department of Health Research Committee approved the study. The aim and objectives of the study, as well as a detailed explanation of the procedures to be employed, were explained to the mother/caregiver of the selected child both verbally and in the form of an information sheet. Informed oral consent was obtained from the child's mother/caregiver prior to the measurements.
Statistical analysis
Statistical analyses were done using two statistical packages: Epi-Info 2002 27 and SPSS 12.0 28 . Statistical significance was set at P , 0.05. Student's t-test was used for comparison between means, the chi-square test for comparison between proportions in the various subgroups, and Pearson's correlations to measure the association between two continuous variables. Binary logistic regression was used to assess the risk factors for both stunting and overweight. To take care of any spillover effect that might have resulted from children being both stunted and overweight, a third group consisting of these children was created. The infants were thus divided into four groups: neither stunted nor overweight, stunted, overweight, and both stunted and overweight. Based on these, multinomial regression analysis was conducted to examine factors associated with the various nutritional states with reference to the normal children. Only factors that were significant in the binary logistic regression were entered into the model.
Results
Of the 162 children who attended the follow-up at 3 years, 48% were stunted, 9% were underweight, 1% were wasted, 18% were overweight and 24% were obese ( Table 1 ). The physical characteristics of the children according to their nutritional status, i.e. those who were stunted and those who were overweight, are presented in Table 2 .
Sociodemographic characteristics
Overall 85% of the children were from families with more than five people per household, 21% already had younger siblings, 19% were from families with three or more children below the age of 5 years, and a large proportion (71%) were breast-fed for 12 months or more. Most of the mothers were still single (61%) and 88% of them had secondary education or higher. Ninety per cent of the children saw their mothers on a daily basis, but 67% did not live in the same household as their fathers. The level of unemployment in the mothers was high (67%). Consequently, the mother was the primary caregiver for the majority of the children (74%). Twenty-six per cent of the children lived in either traditional houses or shacks.
Stunting in the children A higher proportion of stunted children were underweight than non-stunted children (17% vs. 2%) ( Table 1 ). In both groups the prevalence of obesity was high (26% and 21%, respectively). Stunted 3-year-old children lived in households having a larger number of people (P ¼ 0.008) and more children below 5 years of age (P ¼ 0.038) than non-stunted children. In addition, the mothers of stunted children were significantly shorter than the mothers of non-stunted children (P ¼ 0.006). Of the anthropometric measurements only head circumference did not differ between these two groups ( Table 2) .
Compared with non-stunted children, a greater proportion of stunted children were already stunted (49% vs. 22%; P ¼ 0.001) and wasted (22% vs. 3%; P ¼ 0.001) at 1 year of age; came from families with a large number of people per household (33% vs. 19%; P ¼ 0.017); already had younger siblings (27% vs. 17%; P ¼ 0.064); came from households with more children below the age of 5 years (27% vs. 12%; P ¼ 0.007); had mothers with a primary education (15% vs. 8%; P ¼ 0.132); had mothers who were still students (19% vs. 11%; P ¼ 0.124); were more often cared for by their grandmothers (26% vs. 12%; P ¼ 0.014); and more frequently lived in shacks (21% vs. 12%; P ¼ 0.076). Table 3 shows the results of the binary logistic regression in the stunted as well as the overweight children. In the stunted children, living in a household with nine or more individuals increased the risk of being stunted eight-fold while having a mother who was a student increased this almost four-fold. Protective factors against stunting were found to be attaining a greater length and having an increased Ponderal Index by 1 year. (26) 18 (21) HAZ -height-for-age Z-score; SD -standard deviation; WAZ -weight-for-age Z-score; WHZ -weight-for-height Z-score; BMI -body mass index (based on sex-specific percentile crossing at 18 years).
Overweight in the children
Using the reference values of the IOTF 25 it was found that 46% of the children were overweight and obese. A large proportion of these children (40%) were also stunted.
As seen in Table 2 , there were more people living in the households of the overweight compared with the normalweight children (P ¼ 0.044). The overweight children's anthropometric measurements were significantly different from those of the normal-weight children except for birth length, birth and 1-year Ponderal Index; and length and HAZ at 3 years of age (Table 2) .
When comparing overweight children with normalweight children, a smaller proportion of the overweight children were wasted at birth (27% vs. 57%; P , 0.0001); stunted at 1 year (26% vs. 41%; P ¼ 0.013); underweight at 1 year (6% vs. 16%; P ¼ 0.019); and had siblings (14% vs. 26%; P ¼ 0.038). A higher proportion of overweight children had a working mother (23% vs. 13%; P ¼ 0.063) and were mainly from households of greater household density (34% vs. 20%; P ¼ 0.027) compared with normalweight children.
Children having a low WHZ at birth were six times more likely to be overweight at 3 years of age, while those with a higher weight at 1 year were seven times more likely to be overweight at 3 years of age. Having an employed mother was also a risk factor for being overweight in children. It was three times higher if the mother worked or was a student. However, the risk was increased to six-fold if the mother was younger than 20 years old and eight-fold higher if the mother was the primary caregiver. Children who attained a greater length by 1 year and saw the mother daily were less likely to be overweight at 3 years of age (Table 3) .
Various nutritional states of the children
From the multinomial regression analysis, being stunted was associated with having a mother who was a student, while attaining greater length at 1 year was a protective factor. Having a working mother and being overweight at 1 year were risk factors for being overweight at 3 years. On the other hand, being stunted and overweight was associated with having a large number of individuals in the household; having a mother who was employed or a student; and having a greater weight at 1 year. The only factor found to be protective against stunting and overweight was having a greater length at 1 year (Table 4) .
Catch-up growth
The study also considered children who showed either catch-up or catch-down growth for both weight and length from birth (Table 5) . No significant gender differences were observed in the children with respect to the various growth patterns followed.
With respect to the change in SD scores for HAZ, a high proportion of children who showed catch-down growth between birth and 1 year had no electricity in the home (x 2 ¼ 3.76, P ¼ 0.001) and were born to older mothers (x 2 ¼ 10.10, P ¼ 0.039). Catch-down growth between 1 and 3 years was associated with lack of electricity (x 2 ¼ 6.39, P ¼ 0.041) in addition to more individuals in the household (x 2 ¼ 9.25, P ¼ 0.05), being born to a mother with low parity (i.e. three children or less) BMI -body mass index; HAZ -height-for-age Z-score; WAZ -weight-for-age Z-score; WHZ -weight-for-height Z-score. * Student t-test for differences between stunted versus non-stunted children, overweight and obese versus normal-weight children.
(x 2 ¼ 8.91, P ¼ 0.012) and being overweight at 3 years (x 2 ¼ 6.39, P ¼ 0.041).
With respect to change in SD scores for WHZ, a high proportion of children who showed catch-up growth between birth and 1 year were born to older mothers (x 2 ¼ 11.80, P ¼ 0.019). Catch-down growth between 1 and 3 years was associated with households having electricity (x 2 ¼ 7.54, P ¼ 0.023), while in those who showed catch-up from birth to 1 years, most were born to mothers with low parity (i.e. three children or less) (x 2 ¼ 6.08, P ¼ 0.048).
Discussion
The major findings of this study were that: (1) half of the children were stunted (48%), whereas less than 10% were underweight and few were wasted; (2) just under half were overweight (22%) and obese (24%); and (3) just under a fifth were both overweight and stunted (19%). The frequency of stunting reported herein is considerably higher than the national rates in children aged 1-3 years as well as rates reported for Limpopo Province in which this study took place 29 . This finding may imply a greater degree of poverty with poorer infrastructure in the study region than in other regions of South Africa. As stunting was already present in 35% of the study children at 1 year of age 15 , the mechanisms underlying this are more likely to be chronic than acute.
The highest risk for stunting amongst the sociodemographic factors evaluated was household size, suggesting that there is more competition for available food when the household is large 30 . Another factor which conferred a high risk was having a student mother, which may be explained by the resulting reduced family income and individual care and attention given to the child, as he/she has to be left with another carer during the day 31 . The congruence of these findings with previous reports 8, 9, 32 highlights their relevance to the development of stunting in developing countries. Assessment of length at 1 year of age may be important for health providers since this can be used to identify stunted children.
In common with other studies, the stunted children in this cohort had significantly shorter mothers than those who were not stunted 5, 8, 10 . Although this may constitute an underlying genetic factor, it is more likely that the intergenerational effect reflects long-standing maternal undernutrition and possibly even maternal restraint to growth during their own in utero period.
A relatively small proportion of the stunted children (17%) were underweight, whilst 31% were overweight when defined by WHZ .1SD and 46% when using the IOTF cut-offs 25 , implying that stunting is associated with both under-and overnutrition. Indeed the high prevalence of overweight associated with stunting raises many questions about the aetiology and outcomes of both under-and overnutrition. The phenomenon of childhood obesity accompanying stunting has been reported in other developing countries as well as in developed ones 13, 33 . The observation in this cohort that just under half of the children were overweight and/or obese is of great concern. Despite the prevalence of overweight being HAZ -height-for-age Z-score; SD -standard deviation; WHZ -weightfor-height Z-score.
comparable to that of other developing countries, the obesity levels are higher 34 , even in comparison with other studies in South African children, which range from 7.5 to 20.1% 16, 21 . The wide variation in South African prevalence rates is possibly due to inequalities in socio-economic status, since it has been shown that some provinces, including Limpopo, are amongst the poorest. Limpopo Province has a high prevalence of illiteracy, high rates of unemployment, poor sanitation facilities, low levels of electrification and high household density, which have all been documented as being related to stunting 35 . Previous research has shown that overweight is an outcome of sociodemographic status, maternal feeding practices and cultural beliefs as to what is normal 1,9,36 -39 . 'Young' mothers, 'working' mothers and 'primary caregiver' mothers all conferred an increased risk for having an overweight child. However, having a working mother was the only factor that remained significantly associated with overweight in the multinomial analysis, thus emphasising the likely importance of increased family income and subsequent food availability for the child in the development of overweight in this setting 40, 41 . Previous studies on feeding practices have reported a dose-dependent protective effect of breast milk against obesity. Although most children in the present study were breast-fed for a year or more, a phenomenon well documented in South Africa 19, 42, 43 , only 10% of the children in this cohort were exclusively breast-fed for the first 3 months of life and 4% for 6 months 15 ; hence it is difficult to comment on the role of exclusive breastfeeding in the aetiology of overweight and/or obesity. However, the majority of infants in this study were introduced to complementary foods at a very early age (between 0 and 3 months). Most of these foods were high in energy and carbohydrates and poor in protein and essential nutrients required for linear growth. Hence it is possible to understand why obesity and stunting could be the outcomes 15, 18, 42, 44 . Baughcum et al. 37 reported that a high percentage of mothers with a poor education did not consider their overweight children to be overweight. It is believed that mothers have their own culturally based and influenced definitions of obesity 36 . Thus with the cultural belief that 'bigger is healthier' in the Pedi group studied 36, 38 , the mother of a lean healthy baby might feel that her child is not getting sufficient food and, as such, change her feeding practices. This may result in her overfeeding the child, a phenomenon also reported by Kagamimori et al.
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As opposed to adults, where obesity is an immediate risk factor for most chronic diseases, in children it rarely poses an immediate and serious health threat. In effect, its short-term consequences are often psychosocial and include outcomes such as low self-esteem, poor peer acceptance and low participation in social and sporting HAZ -height-for-age Z-score; WHZ -weight-for-height Z-score. activities 46 . Available evidence suggests that the influence of childhood obesity on adult status rises with age, with a low predictive value in children below 2 years of age, a significant predictor at 3-5 years, and an even a stronger one at older ages 47, 48 . The risk factors for the coexistence of stunting and overweight in the children in this study were having an increased weight and shorter length at 1 year, having more than nine persons in the household, and having a working mother or a mother who was a student. The association with increased weight and shorter length is likely due to the quality of the diet consumed (rich in carbohydrates and poor in proteins) 18, 43, 44, 49, 50 . It is likely that the children have a sub-minimum protein intake, which results in failure of linear growth and the high stunting levels already evident at 1 year. Should the diet subsequently remain a high-energy, high-carbohydrate one, it is likely that excess weight gain will take place in addition to sub-optimal linear growth; with the latter still not being optimal.
The seemingly contradictory association between maternal occupation and the combination of stunting and overweight is likely due to an oversimplification of the interrelationship between the various demographic and household factors studied as markers of poverty.
According to Dietz 51 , there are four 'critical periods' for development of obesity in children: gestation, early infancy, period of adiposity rebound (5 -7 years) and adolescence. However, it has been shown that the age group 0-3 years is the most vulnerable to stunting, which may increase risks of being overweight later in life 15, 16, 41, 52 . Catch-up (catch-down) growth is a phenomenon characterised by an increased (decreased) growth velocity in height and/or weight following the removal (addition) of some constraints on normal growth. Rapid catch-up growth in weight during infancy has been linked to risk factors for overweight and obesity 26, 53, 54 . We have previously shown that stunting and overweight in this group of children starts from an early age, 0-1 year 15 . The results from this study highlight the importance of evaluating anthropometric status in terms of both stunting and overweight as well as the combination of these two factors. In the past the focus has been on one or the other and the combination has remained largely uninvestigated. It is important that healthcare providers realise the importance of normal weight and length being attained at 1 year of age, since these in turn predict nutritional status at 3 years of age.
